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prevail (Manabe and Stouffer, 1980). The response of global-mean temper-
ature is, of course, influenced strongly by the relatively large temperature
increases projected for higher latitudes, where cumulus convective processes
are less important. Thus, a careful comparison of Lindzen et at. results with
available 1-D (with moist-lapse-rate adjustment) and 3-D climate models
suggests that the overall magnitude of the CO2 warming does not depend
greatly on the details of the convective parameterization employed, although
that component of the models is one of many that warrant more careful
study.

The preceding discussion clearly illustrates the complex nature of the
surface energy budget and the dangers involved in inferring global climate
sensitivity from local surface observations, However, empirical methods of
inferring sensitivity are appealing. The real value of empirical studies is that
they are necessary to verify the behavior of climate models. A promising
empirical method has been proposed by Cess (1976), who obtains sensitivity
estimates from the latitudinal gradient in annually and zonally averaged
radiation budgets as obtained from satellite radiation measurements and
obtains surface-temperature responses consistent with climate-model studies.

To summarize, the sensitivity of climate to increased CO2 obtained from
most global climate model studies is entirely consistent with the inferences
drawn from surface energy balance studies and empirical approaches, provided
that the latter methods account fully for the globally connected energy budget
and transport processes within the entire surface-atmosphere system on the
appropriate time scales.

Some of the important implications of the global sensitivity analysis are
summarized below:

1.   Because of the strong coupling between the surface and the troposphere,
the global-mean surface warming is driven by the C02 radiative heating of
the entire surface-troposphere system and not only by the direct C02 radiative
heating at the surface.

2.  The magnitude of the surface-troposphere warming is determined by
horizontal advective and vertical convective-radiative interactions between
the atmosphere and surface (in particular, the oceans).

3.   Some recent studies of the climatic effects of increased CO2 based on
the surface energy balance approach have not fully accounted for the processes
described in points 1 and 2 above. When these limitations are taken into
account, their results  are seen to  be  entirely consistent with those of
comprehensive models. However, inconsistent interpretation of incomplete
analyses can yield virtually arbitrary conclusions (cf. Mdller, 1963).

4.   Empirical approaches to estimating climate sensitivity from observations
should be encouraged, since they may provide a valuable source for calibrating